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In recent years a big attention is given to coherent structures at an explanation of phenomena of the fast
convective carry from the scratch-off-layer in devices such as “tokamak” and “stellarator”. Coherent structures can
appear at occurrence of the self-consistent electromagnetic traps (similar to Malmberg-Penning trap) with confinement
and cooling of charged plasma in them. In this paper the results of researches of an opportunity of the self-consistent
confinement configuration formation in the non-neutral plasma represented.

PACS: 52.35.Mw

INTRODUCTION

The excitation and properties of electric trap for
beam’s electrons, which move through a metallic tube, are
investigated theoretically and experimentally in this paper.
The electron beam is shown to provide the instability
development. The instability leads to the formation of the
non-stationary electric barrier and the appearance of electric
potential trap. This phenomenon is observed in the central
region of the tube, where the hump of the electric potential
is formed [4]. On the end of the cylinder two dips of the
electric potential are formed. The trap confines electrons
during the barrier formation and keeps them inside the drift
tube. Trapped electrons have low temperature and are
unstable concerning the diocotron instability development.
During the diocotron instability development the spatial
charge redistribution takes place in the beam cross-section,
which is connected with the electron drift in longitudinal
magnetic and radial electric fields [1,2].

EXPERIMENTAL RESULTS

The experimental setup is shown in [3].
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Fig.1.Oscillogrammes: 1 — impulse voltage on the cathode,
2 - current on the input grid, 3 - current on the output grid,
4 - currents on TT- electrodes. Ugp = 30V, scale - 2 Us/div,
sensitivity 1 - 5 mA/div, 2 - 1.2 mA/div, 3 - 0.25 mA/div, 4 -
4.5 pd/div

During the experiments a number of phenomena was
observed similar to the processes accompanying the well-
known phenomenon of current breakdown during the
propagation of a monopower electron beam in vacuum [3].

of the voltage on the cathode of the electron gun - 1; the
injected current i, - 2; the current that passed through
the drift space l.. — 3; the radial currents -4. The
averaged by time (time of averaging - 20 s) distribution
function of the particles by the longitudinal speeds was
measured using of mobile electrostatic analyzer.

Fig. 2. The function of electron beam distribution on
speeds in three points along a magnetic field. Ug = 30
B Iz=17mA H=1kOe. 1-Z=10cm, 2-Z =40 cm,
3-Z=70cm, Iz5=17 mA

On Fig. 2 the distribution functions f(U) are presented
for the injected beam that past in the drift interval are
submitted: curve 1 - 10 cm, curve 2 - 40 cm, curve 3 -
70 cm. The figure shows us, that in space of drift
strongly dim on speeds electron beam have disorder on
longitudinal speed V, comparable with drift speed Vg is
injected . The division V / Vg, is measured on halfheigh
of ordinate f (U) for curve 1 is V / V4 = 0.8. The beam
that has passed through the drift interval remains
scattering and the amount of particles with low
velocities increases. A reorganization of function of
distribution takes place, when the electron beam passes
through the drift space. With two maxima-shape in the
initial area of the drift space, the distribution function
gets one-maximum shape when moving from the
injection plane to the central intermediate region of the
drift space. It is necessary to note, that after being
injected into the drift channel the electron beam loses its
energy at about 10-20 eV. The distribution function of
the particles by velocity has a two-maxima shape when

Fig. 1 represents the oscillogrammes: of the negative pulse the emission current reaches 10 mA. The distribution of
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the electric potential in the drift space during the impulse of
injection was obtained by measuring the floating potential

in the axial direction with electrostatic probe.

-0 A

1} 10 20 30 40 50 60 70 &0 80 100 110 120 130

ZcMm

Fig.3. Distribution of the potential in the axial direction of
the drift space. Ug =30V, H=1kOe, 1 —Iz=17 mA, 2 —
Iz=10 mA4

In Fig.3 the dependences of the distribution of plasma
potential in the drift space along the magnetic field are
given. The curve 1 corresponds to the intensity of the
magnetic field 1 kOe and the duration of the pulse of
injection - 5 ps. The current of injection of the electron
beam was 17 mA. The curve 2 corresponds to the intensity
of the magnetic field 1 kOe, and the current of injection 10
mA The behaviour of the curves in Fig. 3. demonstrates that
in the central part of the drift space, depending on the
current of injection, there exist regions with the increased
potential. The spatial distribution of the potential depends
on the energy of injection U; (the potential increases with
the energy increase) and on the intensity of magnetic field.
The injection current being changed, the form of the spatial
distribution changes as well, instead of one maximum it gets
two maxima with 70-90 cm between them. It takes no more
than 10 ms for the system to make such transition.

DIOCOTRON INSTABILITY DEVELOPMENT
AT FINITE LONGITUDINAL WAVEVECTOR

Let's consider the development of the diocotron

of the
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instability at a finite longitudinal wave vector kz

cylindrical electron beam with the internal Ro
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and cyclotron frequencies. We use the following equations

[3]

Here @, , @, are the electron plasma
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From (3) for =R, Rp we derive

o’ ¢ L:Rpwi

, (a)—fa)e(Rp)—kZ Vo)

o ¢ L:Rfof]

., (w— &oe(Ro)—szo)
“)

Rp((P3_(P 2)|r=RF=

Ro((pZ_(pl)|r=R0:_

, @ 1is the perturbation frequency. From

=2—Q)c
(2)-(4) it follows
(a)—kZVO)2 (co—kZVo)
R2 R R

=0 (5

Here a,={|1 ——
1 RZ RZE
P
o,={ 1——i I—Riz —1—Ri€ if{
2 RZ RZE RZE
P c p c
. The solution (5) looks like w=Rew+ilmw

o @,
2

Rew=k V +
@
Ima)=7d 4o, — o’ (6)
ala)
2V,

the longitudinal direction. The comparison with the

, the perturbation does not move in

If kK =—

experimental data shows, that i=2—n= ~L
z G Wyg

the length of the perturbation is approximately equal to

the system length.

From the given parameters:
0,=2/3x10%adn/sec, o.=2x10°radn/sec, Rc=12mm.,
R,=15mm., Re=20mm., V,=0,5x10cm/sec.we obtain:
,;=0.5625, ®4=1/9%10"Hz.

Then we find A=113.04cm. Which has same order with
the device length L=150cm.



CONCLUSIONS

The results obtained lead to the following conclusions.
Upon the injection of an electron beam with a broad
velocity distribution into the drift space with a longitudinal
magnetic field the majority of the particles experiences a
reorganization of their movement: they start moving in the
azimuthal direction, having lost their axial velocity Such
reorganization promotes the occurrence of sagging of the
spatial potential and a virtual cathode as a consequence,
thus changing the dynamics of particles particles in drift
space. An inverse flow of the electrons takes place and a
certain part of particles leave in a radial direction.The
inverse flow performs a transformation of the function of
distribution, so it gets the second maximum, and the loss of
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®OPMHUPOBAHUE U CBOMCTBA CAMOCOI'JIACOBAHHOM JIOBYIIIKA MAJIMBEPT A-
INEHHUHI'A

H.A. Azapenkos, A.A. buszioxos, B.U. /lanwun, B.H. Macnos, U.H. Onuwenxo, U.K. Tapacos,
M.U. Tapacos, E./l. Boakos

B mocnemHee Bpems OoJbIIoe BHUMAaHHE YAETSIETCS KOT€PEHTHBIM CTPYKTYpPaM B CBS3H C OOBSCHEHHEM SIBICHUS
OBICTPOrO KOHBEKTHBHOTO TIEpeHOca M3 O0JaCTH OOAWPKH B YCTAaHOBKAX THIA «TOKAMaK» H «CTEIIapaTopy.
KorepeHTHBIE CTPYKTypBI MOTYT BO3HHKATh B CaMOCOTJIACOBAHHBIX JJICKTPOMATHHUTHBIX JIOBYIIKaX (TIOJOOHBIX
nmoBymikaM Manmbepra IleHHWHra) Npu yAEpKAaHUM ¥ OXJKIACHUM 3apsHKCHHOW IUla3Mbl B HHX. B pabote
NpPE/CTABICHBl PE3YJbTAThl HCCIICAOBAHHUS BO3MOXXHOCTH (OPMHPOBAHUS KOH(PHUIYPAIMH CaMOCOTJIAaCOBAHHOIO
yAepKaHus B 3apsHKEHHOMU IJ1a3Me.

®OPMYBAHHS TA BJACTHUBOCTI CAMOY3T'OJI’KEHHOI TACTKHA MAJIMBEPT A-
INEHHIHT A

M.A. Azapenkos, A.A. bizoxos, B.1. Jlanwun, B.l. Macnos, .M. Onuwenko, LK. Tapacoe,
M.I. Tapacos, €./]. Boaxos

OcranHiM 9acoM 0arato yBarw NpHIUIAETHCS KOTEPEHTHUM CTPYKTYpaM y 3B’S3KY 3 MOSICHEHHSM SIBHINA IIBHIKOTO
KOHBEKTHBHOTO TIEPEHOCY 3 00JIaCTi OOAMPKH B yCTAaHOBKAX TUIY ,,TOKaMak™ Ta ,,crenaparop”’. KorepeHTHi CTpyKTypH
MOXXYTh BUHHKATH Y CAMOY3TO/DKEHHIX ENEKTPOMArHITHUX MacTkax (MomiOHuX mo mactok ManMmbOepra-IlenHinra) mpu
HasIBHOCTI YTPUMAaHHS Ta OXOJIOJDKEHHS B HUX 3aps/DKEHHOI I1a3Mu. Y palboTi MpeICTaBICHO Pe3yJIbTaTH OCITiPKEHb
0710 MOXKITUBOCTI (POPMYBaHHS KOH(DIrypallii caMOy3ro/PKEHHOTO YTPUMAaHHS Y 3apsKEHIN TU1a3Mi.
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